According to the voltage gain of boost converter at the photovoltaic inverter system, a high gain switched inductor boost converter is proposed in this paper by analyzing and studying the voltage gain ability of traditional switched inductor boost converter which improves the switched inductor three-terminal network topology. The working principle and working characteristics of the designed boost topology are analyses in detail, and the corresponding mathematical model is established. Compared with the traditional converter, the proposed converter has some advantages which improving the boost ability and decreasing the voltage stress of the switch tube. Moreover, the simulations are shown to verify the correctness of the theoretical analysis.
INTRODUCTION
Recently, the renewable energy resources are increasingly used to produce energy. Solar energy can be considered as the best renewable energy because of the earth surface receives an amount of solar energy which is more than the world energy demand. As a result, solar cells and solar power generation becomes the popular topics which addressed by many researches and projects 1, 2 , and the high-gain DC-DC converter as a key composition in photovoltaic system has been extensively used and researched 3, 4 . The traditional switched inductor boost converter 5 has the characteristics of small inductor in size, mutual symmetry and the large gain enhancement space compared to the boost converter. However, the input gain is limited, and the power switch voltage stress is equal to the output voltage which has high power switch conduction loss. Furthermore, the voltage stress produced by the output diode is equal to the output voltage which results more serious problem of the reverse recovery. In order to improve the above disadvantages of switched inductor boost converter, the literature 6 proposed to add the coupling inductor and clamp circuit to improve the voltage gain, but the leakage inductance affect the conversion efficiency, increase the voltage stress of power switch, and electro magnetic interference(EMI) problem are more serious. This paper improved the switching inductor three-terminal network, and proposed a switched inductor boost converter based on the topology combination which has high voltage gain and small power stress of the power switched tube. Finally, the paper analyses the working principle of the proposed boost converter, and verifies the correctness of the theoretical analysis by circuit simulation. The operating principle of the SIBC is similar to that of the boost converter.
7 By controlling the turn-on and turn-off of the switching device SW1, the duty cycle is adjusted to achieve the purpose of boost, and the boost gain is higher than that of the conventional boost converter. It should be noted that the inductance values of L 1 and L 2 are equal, which ensures that the inductor in parallel charging and series discharging process voltage value is equal, that is
The equivalent structure of the SIBC is shown in Fig.2 . By analysing the switching state of the equivalent circuit, assuming that the switching period of the switching device SW1 is T, the on-time is T 1 , the turn-off time is T 2 , and T 1 + T 2 =T, the duty cycle is D=T 1 / T. According to the average of the inductor L 1 and L 2 in a switching cycle time is 0, can obtain:
After simplification, get the following formula:
When the SIBC operated in the inductor current continuous conduction mode (CCM), the voltage gain 8 G 1 is:
SWITCHED INDUCTOR BOOST CONVERTER BASED ON TOPOLOGICAL COMBINATION
In this paper, three kinds of high-gain switched inductor three-terminal networks are obtained by series-connected voltage source in the branch of SIBC. After analysing, the circuit in Fig.3 (a) is selected which reduces the voltage stress of the active switch tube SW1 and the diode VD while maintaining a high voltage gain. And used a large capacity capacitor C c instead of the voltage source u c , added a branch to provide the charging current, finally obtained the high-gain switched inductor three-terminal network based on topological combination shown in Fig.3 (b) .
(a) (b) Figure 3 . High-gain switched inductor three-terminal network.
The topology of the improved SIBC based on the topology combination is shown in Fig.4 . Compared with the interleaved parallel boost converter 9 , the improved topology can realize current sharing automatically, the control circuit is simple which does not require current-sharing control. It can be seen that when D> 0.5, in the first state, the power supply DC charged to the inductor L 1 , L 2 , L 3 respectively in parallel, and the load is supplied by capacitor C 1 . The second state is the most critical part where connects the power supply in series with the inductor L 3 to charge the capacitor, the voltage is equal to the sum of the power supply and the inductor voltage after charging, and at this time, the load is still supplied by capacitor C 1 . The third state is the inductors L 1 , L 2 discharging state, the DC power supply, L 1 , L 2 and C 2 are connected in series to load power supply, and to charge C 1 .
PERFORMANCE ANALYSIS Voltage Gain
In order to obtain the voltage gain of the circuit, it is necessary to calculate the inductor L 1 and L 2 according to the volt-second balance principle, and get the formula (5) . Since the inductor L 1 is exactly the same as L 2 , it is only need to calculate the L 1 .
(
According to the principle of volt-second balance to calculate the L 3 , get the following formula: (1 ) in c U U D = − (7) Take formula (7) into (6) can be obtained:
G 2 is the voltage gain of switched inductor boost converter based on the topology combination.
Switch Tube Voltage Stress
The voltage stress of switch tube S 1 , S 2 and diode VD1, VD2 are:
(12) It can be seen from the equation (10) that the voltage stress of the switch S1 is the output voltage U o -U c2 , while the voltage stress of switch device in the traditional boost circuit or the switched inductor boost circuit is the output voltage U o . The voltage stress of the switch S 2 is U c2 which is far less than the U o according to the above analyses. It was found that the proposed topology effectively reduces the voltage stress of the main switching device S 1 .
SIMULATION ANALYSIS
The simulation parameters are as follows: the input voltage V in = 10V, the inductor L 1 = L 2 = L 3 = 1mH, the output end of the capacitor C 1 = 4.7µF, C 2 = 3.3µF, the load resistor R = 10Ω, the duty cycle of switches S 1 and S 2 are equal (D 1 = D 2 = 0.6). The converter designed in this paper is compared with SIBC, and the following simulation results are obtained.
( It can be seen from Fig.9 and Fig.10 that when the output voltage is 65V, the voltage of the SIBC power switch tube is 65V, which is equal to the output voltage, while the voltage stress of the proposed switched inductor boost converter power switch S1 is 40V and the voltage stress is reduced 20V, which not only reduces the switching moment of the switching losses, but also expands the power switch device selection.
SUMMARY
The basic principle of switched inductor boost converter is studied and analysed in this paper. On this basis, the switched inductor three-terminal network of switched inductor boost converter is improved, and a switched inductor boost converter based on topological combination is designed. The mathematical model of the designed converter is obtained by analysis and calculation. The correctness and feasibility of the proposed converter is further verified by simulation analysis. Compared with the conventional switched inductor boost converter, the proposed converter has the following characteristics when the switching duty ratio D> 0.5: firstly, the boost capability is doubled; secondly, the voltage stress of the active switch is reduced about 35%; finally, the boost unit can realize current sharing automatically, and the control circuit is simple which does not require current-sharing control.
